In this paper, density and viscosity measurements at pressures up to 140 MPa are presented in a temperature range from (293.15 to 393.15) K for diethanolamine (DEA) + water, triethanolamine (TEA) + water and 2-dimethylaminoethanol (DMAE) + water in amine weight concentrations from 10% to 40%. Densities were measured using a vibrating tube densimeter (Anton Paar DMA HPM) with an expanded uncertainty (k = 2) less than ± 0.7 kg·m -3 . Viscosity measurements were obtained using a falling body viscometer which was calibrated with water and dodecane. The viscosity expanded uncertainty (k = 2) ranges from ± 2.5% for the highest viscosity to ± 3.2% for the lowest.
Apparatus and procedure
Densities were obtained using a vibrating tube densimeter (Anton Paar DMAHPM) calibrated with toluene and vacuum which was previously described in [4] . This model is able to measure density in a range from (0 to 3000) kg·m -3 with a resolution of 10 -2 kg·m -3 . The uncertainty calculations were performed following the guide to the expression of uncertainty in measurement JCGM100: 2008 [5] and the procedure was explained in [4] , obtaining an expanded uncertainty (k = 2) less than ±0.7 kg·m -3 .
Viscosities were obtained using a falling body viscometer. Its operation is based on the falling body measurement through a vertical tube containing the fluid whose viscosity is sought. This equipment is able to measure viscosity in wide pressure and temperature ranges of (0.1 to 140) MPa, and (253.15 to 523.15) K. The cell was designed by Groupe de Haute Pression, Laboratoire des Fluides Complexes of the University of Pau [6] and implemented in TERMOCAL laboratory.
The operation principle of the equipment is based on the combination of Stokes' law of a falling body through a fluid, and Newton's second law. Such behaviour is theoretically described by Eq. (1): (1) where  is the viscosity, K(p,T) is a calibration constant which depends on the geometry of the equipment and is considered a function of pressure and temperature,  is the difference between body density and the liquid density, and t is the fall time.
The equipment requires a calibration procedure because in practice the actual behaviour differs from the simplified model expressed in Eq. (1) in several factors [7, 8] . Various calibration procedures have been successfully used [8] which are based on the use of a known viscosity reference fluid under (p,T) conditions in which the viscosity is sought, obtaining K(p,T) for each.
In our case, the model described by Eq. (1) is adjusted to viscosities up to 4.9 mPa·s (approximately). However, the addition of an independent term to Eq (1) allows a better approximation to the behaviour of our viscometer and therefore, it is modified to obtain the expression (2):
This Eq. (2) was successfully used previously in [9] , and offers the advantage of providing viscosities at any pressure and temperature condition, within measuring calibration range, through a single adjustment.
The experimental setup was entirely developed in the TERMOCAL laboratory and described in [9, 10] .
Viscometer calibration was performed at p = (0.1 to 100) MPa and T = (293.15 to 393.15) K with water, which was chosen because it is used in the mixtures, and dodecane. Both have been extensively studied in the pressure and temperature ranges of this study.
Fall time was recorded considering fifteen repetitions for each pressure and temperature. After that, calibration consists of fitting all points using the model expressed by Eq. (2), whose parameters are given in Table 2 . Tables 3 and 4 [11]. Uncertainty was evaluated at the limits of the viscosity calibration range for the studied mixtures: the lowest viscosity is 0.260 mPa·s for water at T = 393.15 K and p = 5 MPa, and the highest viscosity is 7.591 mPa·s for aqueous DMAE solution (w = 0.4) at T = 293.15 K and p = 60 MPa. A normal distribution was considered with a coverage factor k = 2 (confidence level of 95.45%), obtaining a relative expanded uncertainty which varies from ±2.5% to ±3.2% for the highest and lowest viscosities, respectively. It is interesting to highlight that the most significant contribution in both cases is the uncertainty associated to calibration function coefficients. Tables 5, 6 and 7, respectively. Density measurements of the amine solutions studied show  TEA >  DEA >  DMAE at the same composition, temperature and pressure conditions. Density differences between amine solutions are greater as amine weight fraction increases and they are also bigger between DEA and DMAE than TEA and DEA.
As is expected, density increases with pressure and decreases with temperature for all the mixtures, however the effect of amine weight fraction is different.
The density rise due to an increase of pressure from 0.1 MPa to 140 MPa is similar for all the amines and ranges from 4.3% to 6.1% for TEA and DEA solutions, being the lowest increase The fitting results are shown in Table 8 , which contains the adjustable parameters and the standard deviation of the adjustment (). [20] , (▲) Zhang et al. [21] , (•) Chowdhury et al. [22] and (*) Bernal-García et al. [23] for DMAE aqueous solutions. Dotted lines represent the relative expanded uncertainty of our measurements.
The relative deviations of our measurements and literature values are plotted in Figure 1 .
Average absolute deviations for DEA-water mixtures are 0.09% from [12] , 0.10% from [13] , 0.07% from [14] , 0.06% from [15] , 0.7% from [16] (the disagreement occurs at 80°C) and 0.29% from [17] . As regards TEA-water mixtures, average absolute deviation is 0.09% from [14] and 0.15% from [18] . Finally for DMEA-water mixtures, it is 0.05% from [1917] , 0.07% Viscosity data were correlated using the modified VFT model, Eq(4), which was successfully used by other authors [24] .
Fitting of the experimental viscosity data was performed applying the least-squares method contained in the MATLAB software [25] The fitting results are given in Table 12 which contains the parameters and the standard deviation of the adjustment. The standard deviations are less than the uncertainty measurement of the experimental viscosities, which indicates that the model is appropriate for this type of mixtures. In order to check the reliability of viscosity data, a comparison was carried out at atmospheric pressure (due to the lack of these values at high pressures) between viscosities obtained with our falling body viscometer and the ones obtained using a Stabinger SVM 3000 viscometer available in our laboratory. The results of the comparison are summarized in Table 13 and they are plotted in Figure 4 . In addition, our experimental data were also contrasted with the scarce literature data at atmospheric pressure [12, 16, 18 Relative viscosity deviations are shown in Figure 5 . There are other few viscosity measurements in the literature for the systems studied in this paper but they were measured at different compositions and it is not possible to compare the data.
Conclusions
Density and viscosity measurements of different amine aqueous solutions (DEA + H 2 O, TEA+H 2 O and DMAE +H 2 O) were measured at amine mass fractions of 10%, 20%, 30% and 40%, and wide ranges of temperature and pressure. Densities increase for richer amine solutions for DEA and TEA but the contrary occurs for DMEA mixtures. A modified Tamman-Tait equation fits quite well the density as a function of pressure and temperature for a given composition.
In addition, viscosities of these mixtures increase with amine weight fraction being this effect more significant at low temperatures for all amines. They were successfully correlated using a modified VFT model.
